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Abstract 
We demonstrate for the first time highly reliable actuators based on two-way shape memory effect (TWSME). Under life test, our 
actuators endure 300.000 loading cycles without performance degradation (fade out or amnesia). Further, we developed 
manufacturing technology which enables programming of the actuator deformation in austenite and martensite phase within the 
tolerance of ±6 %. Novel actuators were qualified at the breadboard model level as the first TWSME actuators for space 
applications at the European Space Agency. The actuators are based on 50μm thick NiTi alloy foil, doped with Cu. These novel 
actuators for the spacecraft thermal management system can reduce the mass of vane louvers from the current 4-5 kg/m2 to less 
than 500 g/m2. Further, due to the application of special optical coatings, the new louvers demonstrate better heat rejection 
efficiency than the existing systems. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
The progress in modern spacecraft, particularly in communication satellites is not uniform in all segments. For 
example, while the data transfer and power generation (and dissipation) in recent spacecrafts increased enormously, 
the satellite power management systems remained basically unchanged for decades. Contemporary satellites 
dissipate up to 6kW of the vast heat via thermal radiators installed on the spacecraft surfaces. However, during a 
spacecraft day, the radiators must be protected from sun irradiation by proper means, most often by variable 
emissivity surfaces. The common devices used are vane louvers. These consist of a series of polished aluminum 
blades arranged as a Venetian. The persistent problems with louvers are friction in mechanical bearings, high mass, 
delayed action and low overall efficiency [1]. Current approaches to find an alternative include electrophoretic, 
electrochromic, electrostatically actuated devices, MEMS shutters, etc. [2-5]. Still, none of the proposed devices 
offers overall performances superior over the existing thermal louvers.  
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Shape Memory Alloys (SMAs) are viable material for the replacement of the bimetallic actuators implemented in 
the louvers. An SMA actuator has a higher specific energy than a bimetal actuator and due to its superior mechanical 
properties can be also used as structural material. The common SMA actuators endure millions of cycles without 
degradation and millions of SMA structural elements are imbedded in air/spacecrafts without a single failure yet [6].  
SMAs belong to the “smart materials” which undergo solid-to-solid phase transformations induced by 
temperature or stress from the martensite phase into the austenite phase. Among many SMA materials konwn, only 
few find practical applications and among those a nickel titanium alloy (Ni-Ti) is used in our work. At temperatures 
lower than a predefined temperature Mf (martensite finished temperature), the SMA exists in martensite phase 
which is soft and ductile. In this state, the SMAcan be easily deformed into an arbitrary shape with deformation up 
to 8% [7]. When martensitic SMA is heated over As (austenite start temperature), it begins to transform into the 
austenite or the parent phase. The transformation is finished at austenite finish temperature (Af). During martensite 
ĺ austenite transformation, SMA material becomes hard and returns to its pre-deformed shape (parent shape). 
Again, if the temperature falls again under the Mf, the SMA goes into reverse, austenite ĺ martensite 
transformation. The transition temperatures Ms, Mf, As, and Af are set by metallurgical composition as well as by 
the thermomechanical treatment history of the SMA. An SMA can generate a high stress, up to 800 MPa, during a 
transformation cycle. If an SMA material is used in an actuator, it can produce the specific work up to 5 kJ/kg. This 
is the most energy-dense actuator, compared to other actuator materials (i.e. electrostatic, electromagnetic, 
piezoelectric etc.) [7, 8].  
In austenite ĺ martensite transformation the actuator shape remains unchanged and an external force must be 
applied, mostly through an elastic member (i.e. spring). This is not a serious limitation for a single SMA actuator, 
but in applications where hundreds of actuators are used this requirement significantly increases the system mass 
and its overall complexity. The particular thermo-mechanical treatment of SMA makes it possible to “teach” the 
SMA actuator to “remember” both shapes (i.e. hot and cold) – the Two-Way Shape Memory Effect (TWSME). In 
the case of TWSME, a predefined shape change is obtained in both states – cold and hot. Theoretically, the TWSME 
offers many advantages in the simplicity of the system design. Unfortunately TWSME is accompanied with serious 
drawbacks, the most notable being complex manufacturing, low stroke in austenite ĺ martensite transformation, 
general instability and fadeout [10].  Therefore, albeit known for decades, TWSME finds only niche applications.  
We show that an appropriate thermo-mechanical treatment of SMA material can enable repeatable response of a 
TWSME actuator, long-term stability and precise programming of the actuator forms in cold and hot states. Other 
limitations, i.e. small deformation and low stroke in austenite ĺ martensite transformation still remain, as they are 
fundamental properties of SMA materials.  
2. Manufacturing  
Although detailed procedures for the thermo-mechanical treatment SMA is not open for publication, the essential 
step in thermo-mechanical process is introducing an intermediary or “R-phase” transformation between the austenite 
and the martensite phase, Figure 1. In the austenite phase Ni-Ti has cubic crystal structure (B2) which transforms 
into a monoclinic lattice (B19’) in the martensite phase. However, under the constrained aging of the SMA in 
austenite phase the new rhombohedral phase (R phase) is formed around the grains of Ni4Ti3, one of the compounds 
immanent to Ni-Ti alloys. TheTWSME effect occurs during austenite ĺ R phase [8].    
The starting material is the superelastic NiTi alloy in the form of 50 μm thin foil (alloy “S”, Memory Metalle 
GmbH). The material was solution annealed at high temperature in an inert atmosphere. This process transforms the 
superelastic material into an amorphous material without memory or superelastic properties, i.e. the solution 
annealing erases the previous thermal and mechanical treatment of the NiTi alloy. The following steps are the 
formation of Ti3Ni4 precipitates under constrained aging and actuator stabilization.  
The finished actuators in the form of 12 element arrays were integrated with reflective plates whose role is to 
protect the spacecraft radiator from sun radiation when closed, Figure 2 (a). Reflective plates were designed from 
the Second Surface Mirrors (SS mirror), a laminar structure with high reflectivity Din the 2 μm band of infrared 
radiation (the maximum of sun radiation) and a high emissivity H around a wavelength of 10 μm (the maximum 
infrared radiation of the blackbody at 300 – 355 K, i.e. the temperature of the SS mirror). Such structure has better 
total reflectivity than the simple metallic mirrors [1]. The assembled louvers, ready for testing are presented in the 
Figure 2 (b). 
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Fig. 1. (a) Phase transformation of NiTi SMA traced with differential scanning calorimetry (DSC); (b) DSC graph of NiTi alloy trained to the 
TWSME. The well defined R-phase peak is visible 
Fig. 2. (a) Photo of a single microlouvers row. TWSMA actuators are situated in the basis of the second surface mirror structure. The actuator 
dimensions are10 x 10 mm, thickness 50 μm and the programed deformation is 0 to 90 degrees; (b) The breadboard model of microlouvers ready 
for the acceptance test. The model area is 0.5 m2, with 144 optical elements and 300 TWSMA actuators.  
3. Results
Thermo-mechanically treated SMA actuators were subjected to the intensive tests before integration into the 
louvers. The first tests covered the thermal response of the actuators i.e. the hysteresis loop (Mf, As, AF,R and Ms) 
and the dispersion of the total displacement and the transition temperatures among the actuators. After mastering the 
thermo-mechanical treatment we were able not only to precisely tune the transition temperatures, but also to preset 
the starting and ending position of the actuator.  At temperatures below Mf, the actuators can be flat or bent at ¼ 
circle ark, depending on the parameters of the thermo-mechanical procedures.  Further, any other starting and 
ending position can be programmed with tolerances of ±6%, within the deformation limit of < 0.8%, Fig. 3 (a),(b). 
10 20 30 40 50 60 70 80
0
20
40
60
80
100
Cooling
Heating
Be
nd
in
g 
an
gl
e 
[o ]
Temperature [oC]
Fig. 3. (a) Actuator deformation versus temperature. At 0o the actuator is flat and at 90o the actuator is bent at right angle; (b) Uniformity test of 
12 actuators arranged in row (heating). The dispersion in actuator responsibility results from both from the actuator and temperature 
nonuniformities, however all actuators reach required deformation of 90o.
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Reliability is of particular importance for any component used in spacecraft. Besides being required to satisfy the 
vibration and shock tests (50 g), the minimum required lifespan for the louver actuators was 60.000 cycles. As 
mentioned in the Introduction, the TWSME was identified in previous publications as insufficiently stable for 
practical applications. The lifespan of our actuators was tested on a Cousoade test facility, consisting from an 
incandescent halogen lamp emulating the sun radiation, a forced cooling system and a control unit. The testing 
system was fast, achieving 4 test cycles/min.  During 3 months of continuous work, the SMA actuator was loaded 
for 360.000 cycles, six time fold of the required lifespan.  
Fig. 4. Life test of the two-way SMA actuators. No significant degradation 
of the performance was observed after 360.000 cycles.
4. Conclusion 
We developed the technological process for treating of the common SMA materials to exhibit stable TWSME 
effect. Under the accelerated aging test, our actuators endured 360.000 cycles without parameter degradation. The 
actuators were incorporated into complete microlouver-based variable emissivity units intended for space use.  
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